Objectives-The aim of our study was to compare the accuracy of lung sliding identification for the left and right hemithoraxes, using prerecorded short US sequences, in a group of physicians with mixed clinical and US training.
T argeted ultrasound (US) has assumed a central role in the treatment of critical patients. For example, focused assessment with sonography for trauma 1,2 is applied almost systematically to patients with trauma. The rapid ultrasound in shock 3 examination and focused cardiac ultrasound study 4 are other good examples of targeted US use in the treatment of critically ill patients. Thoracic US has also grabbed the spotlight in dyspneic patient evaluation with bedside lung ultrasound in emergencies 5 and the extended focused assessment with sonography for trauma protocol. 6 The Canadian Association of Emergency Physicians 7 and the American College of Emergency Physicians 8 have both formally endorsed bedside US use by emergency physicians. Many international critical care associations have followed suit. 9 Targeted US training is now mandatory in all Canadian and American emergency medicine residency programs. [10] [11] [12] The American Society of Anesthesiology, the American Society of Echocardiography, and the Society of Cardiovascular Anesthesiologists also published guidelines pertaining to training and use of targeted US by their members. 13, 14 Evidence-based recommendations on the use of targeted lung US were released as well. 15 The field of targeted bedside US is in constant expansion. One of the more recently evaluated modalities of bedside US is its use in endotracheal intubation, mainly to confirm endotracheal tube positioning. Earlier studies have involved US in neonates to ascertain the distance between the endotracheal tube tip and the aortic arch or sternal manubrium. 16, 17 Others have undertaken US visualization of diaphragmatic movement or the endotracheal tube in the trachea or esophagus to confirm tracheal or main stem intubation in adult and pediatric populations, with sensitivity and specificity of up to 100%. [18] [19] [20] [21] [22] [23] [24] Visualization of lung sliding, which already serves to identify pneumothorax, is another technique that has been validated in a cadaveric model, in patients undergoing elective surgery, [25] [26] [27] and in prehospital care settings 28 to verify tracheal intubation. Most of these studies evaluated clinicians who were specially trained in lung and thoracic US.
Lung sliding is already a very popular tool for diagnosing pneumothorax. [29] [30] [31] [32] [33] [34] [35] [36] [37] It may soon become a widespread tool for confirming endotracheal intubation. With the universal presence of US machines in resuscitation bays, it is not guaranteed that all users will have the same level of training in lung US.
Being able to identify lack of ventilation and possible esophageal intubation must be done as rapidly as possible. In patients who are newly intubated, the respiratory cycle is usually set around 10 to 12 breaths per minute. 38 Hence, respiratory cycles last between 5 and 6 seconds. Using US to identify present or absent lung sliding in a 4-to 7-second window would be ideal.
Anatomic differences between the left and the right hemithoraxes may impede the accuracy of lung sliding identification. No study to date described this phenomenon, but we hypothesized, based on clinical experience, that there may be a substantial effect of the smaller lung size and the underlying heart in the left hemithorax, which could have a considerable impact on the use of US in airway management. Most of the past studies also included lengthy US examinations. Rapid identification of present or absent lung sliding is crucial in newly intubated patients in whom esophageal intubation could be deadly. Considering all of these factors, the aim of our study was to compare the accuracy of lung sliding identification for the left and right hemithoraxes, using short 4-to 7-second US sequences, in a group of physicians with various levels of medical and US training.
Materials and Methods

Study Design
Our study was a post hoc analysis of recorded data from a prospective blinded observational study that was designed to estimate the accuracy of a heterogeneous group of clinicians in identifying the presence or absence of lung sliding on short recorded US sequences. It was approved by the Research Ethics Committee of the Montr eal Heart Institute. The committee also waived consent, as the US images assessed in this project were anonymous.
Study Setting and Population
This study was conducted in the emergency department of an adult tertiary care teaching hospital with an affiliated emergency medicine residency program and an annual census of approximately 65,000 patients.
Study Protocol
Our primary outcome was to compare the accuracy of lung sliding identification between the left and right hemithoraxes. Secondary outcomes consisted of evaluation of the accuracy of lung sliding identification based on the level academic and US training.
To generate US sequences, all patients scheduled for surgery at the Montr eal Heart Institute between January and December 2010 were eligible, and no exclusion criteria were applied. Information concerning sex, age, height, and weight was noted. The body mass index was calculated. All recruited patients underwent endotracheal intubation by cardiac anesthesiologists and were fully paralyzed routinely with neuromuscular agents. Endotracheal tube positioning was confirmed by direct visualization, auscultation, and end-tidal carbon dioxide readings. Ventilation was established at 8 breaths per minute, as per local protocol. No modification of the breathing rate or apnea inducement was executed to avoid possibly causing transient hypercapnia in these fragile patients. Once the endotracheal tube was secured, a thoracic US examination began with a linear high-frequency transducer (10S, Vivid 7 imaging system; GE Healthcare, Uppsala, Sweden). Ultrasound sequences consisted of a sagittal view of the intercostal space, with the pleural interface and lung sliding being visible between 2 ribs, as recommended. 35 Complete respiratory cycles were recorded in 4 different thoracic locations: bilaterally on the midclavicular line in the second intercostal space and bilaterally on the midaxillary line in the fifth intercostal space. Images were stored on optical disks for later processing. Thirty-five patients provided 140 recorded US sequences that were cut at the end of patient expiration, yielding 140 sequences with and 140 sequences without lung sliding. These 280 short sequences of 4 to 7 seconds were randomly distributed by a random list generator. The first 40 sequences on the list were selected for repetition to evaluate intraobserver variability and added to the previous 280, for a total of 320 sequences, which were once again randomly distributed. Lung sliding was present in 160 sequences and absent in 160 sequences. Sequences were combined in continuous video films (Windows Movie Maker version 6.0; Microsoft Corporation, Redmond, WA), each preceded by a black screen indicating the number of the sequence (1-320). The videos lasted a total of 26 minutes.
All participants (attending physicians, residents, and medical students) were verbally informed of the study's main objective in 2 separate meetings of the emergency department to facilitate participation. Verbal consent was obtained. An anonymous numbered questionnaire concerning the level of academic and US training was distributed. (There were no predetermined inclusion criteria for levels of academic and US training.)
To make sure that every participant knew what lung sliding and a lung pulse were, a short video was shown as an example of present or absent lung sliding and lung pulse artifacts. All questions were answered before official video screening. During live screening of the 320 short video sequences, each participant had to indicate on the predesigned answer sheet whether lung sliding was present or absent in each numbered sequence. The second group was instructed to abstain from answering when in doubt, as would be done in a live clinical setting. Because of this modification, results from the groups are presented separately.
Data Analysis and Sample Size
Descriptive statistics were obtained for patient and participant characteristics. The Kolmogorov-Smirnov test was conducted to determine the normality of different continuous variables. Differences between subgroups were analyzed by the Student t test or analysis of variance for normally distributed continuous values and by the Mann-Whitney test for non-normally distributed values. Ninety-five percent confidence intervals were calculated when appropriate.
We estimated that 160 sequences with lung sliding and 160 without lung sliding were necessary for 0.95 sensitivity and specificity in correctly identifying the presence or absence of lung sliding with a unidirectional (lower value only) confidence level of 0.95 and precision There was no difference in performance in subgroups of clinical training or between physicians using or not using lung sliding in clinical practice (Table 2) . Participants with no US training had significantly lower accuracy.
Considering the 40 repeated sequences included in the test, intraobserver agreement was calculated for each of the 42 participants and was "moderate," with a mean j value of 0.51. No correlation was established between the rate of good answers and patients' body mass indices.
Group 2
The second clinician group consisted of 33 participants, whose characteristics are detailed in Table 1 . Group 2 participants were instructed to abstain from answering when in doubt.
As in group 1, the rate of accurate lung sliding identification was lower in the left hemithorax than in the right (76.3% [IQR, 42.9-90.9] versus 88.7% [IQR, 63.1-96.9]; P 5 .001). As in group 1, there was no difference in the performance of residents or attending physicians or between subgroups of US training (Table 3) .
Considering the 40 repeated sequences included in the test, intraobserver agreement was calculated for each of the 33 participants and was "good," with a mean j value of 0.74. No correlation was observed between the rate of good answers and patients' body mass indices.
Discussion
To our knowledge, our study is the first to show that lung sliding identification is poorer in the left hemithorax. These results were both clinically and statistically significant.
As the numbers of left and right hemithorax US sequences were the same, the overall accuracy of the results was not biased. The major anatomic difference between the left and right parts of the chest is the Abbreviations are as in Tables 1 and 2 .
Piette et al-Lung Sliding Identification in the Left Hemithorax underlying presence of the heart. As first described by Lichtenstein et al, 39 the heartbeat can induce lungsliding movements that are synchronized with the heart rhythm, known as lung pulse artifacts. Although to our knowledge it has never been reported, the lung pulse seems to impede correct identification of lung sliding. Misinterpretation of heart movement as lung sliding could also be a possibility.
Also, lung US imaging of the left part of the chest often shows the heart in the US field. The heart itself can impede visualization of the pleural interface, which could be misinterpreted as a lung point (pathognomonic sign of pneumothorax) and have negative repercussions if a false-positive diagnosis of pneumothorax is made. In our study, all 35 patients were cardiac surgery patients. Hence, it is possible that they had a substantial level of cardiomegaly, probably impeding the normal anatomy of the left hemithorax and making lung sliding more difficult to identify. Also, some of these patients had previous cardiac surgery and may have developed pleural anomalies that impeded lung sliding.
Adequately confirming endotracheal tube positioning during endotracheal intubation is critical for patient treatment. Verification methods must be precise and minimize false-positive and -negative results. Auscultation has been shown to incorrectly identify right main stem intubation in up to 70% of cases 40 and gives the false impression of bilateral breath sounds in cases of esophageal intubation. 41 End-tidal carbon dioxide, the current standard of care to confirm endotracheal intubation, has its pitfalls in cases of cardiac arrest, low cardiac output, airway obstruction, and main stem intubation. It also requires at least 2 respiratory cycles, hence in resuscitation scenarios, between 10 and 12 seconds. Ultrasound imaging is faster and not dependent on carbon dioxide production. Compared with chest radiography, chest US imaging is more rapid and can be repeated as needed, without having to consider exposure to ionizing radiation. The many different ways that US can confirm the endotracheal tube position by direct visualization in the trachea or esophagus, [18] [19] [20] [21] [22] by visualization of diaphragmatic movement, 23, 24 or by a combination of these techniques 27 make it an ideal tool. Lung sliding identification is also a good method, but our results indicate the possibility of lower accuracy in the left hemithorax.
To our knowledge, our study has been the only one to assess intraobserver agreement. Also, to our knowledge, it is the largest to be published so far in terms of clinicians' interpretation of offline recorded images of lung sliding (75 participants evaluating 320 sequences). Noble et al 42 investigated 27 participants with a thoracic US learning module for detection of pneumothorax and pulmonary edema. All participants evaluated 50 thoracic US sequences. A study by Lyon et al 28 was the only one that evaluated individuals without previous US training. Eight prehospital critical care providers, paramedics, and nurses were assessed for their ability to identify lung sliding in 6 different cadaver intubations. Others evaluated either 1 or 2 participants with previous US training in identifying lung sliding in intubations at numbers ranging from 13 to 68. [25] [26] [27] Another important characteristic of our study was the shortness of the US sequences. Most of the preceding studies used lengthy examinations, which are not always adequate in an acute setting. As mentioned earlier, most intubated patients have respiratory rates set between 10 and 12 breaths per minutes, yielding respiratory cycles of 5 to 6 seconds. These patients are often hypoxemic or in choc, and ventilating in the esophagus during 10 to 12 seconds can induce serious complications, so physicians certainly feel pressured to rapidly confirm the endotracheal tube position. Our 4-to 7-second sequence mimicked this setting.
Our study had limitations. First of all, the US sequences were prerecorded and thus did not allow participants to adjust different image parameters as required. Ultrasound is operator dependent, and although gain and depth were optimized before recording, sonographers might want to adapt settings to their own liking, improving their accuracy. Sequences were only shown once and included only a single respiratory cycle. Also, the participants did not view different regions of the same hemithorax. Participants complained, after the test, that the period between the different US sequences was too short, leaving them little time to think of their answers before the next sequence began. In emergency airway management, however, time is critical, and confirmation of intubation must be rapid.
Another limitation was that the absent lung sliding sequences were slightly shorter and might have induced bias if participants had noticed this trend. Our protocol did not permit changes in respiratory rates or cause apnea in patients to limit this effect, and we are conscious that this factor was an important flaw in our design and could have induced a bias. It is also possible that our short sequences made participants falsely identify a lung pulse as lung sliding, since proper evaluation of the type of movement in a lung pulse (rapid to and fro) may have been biased by lack of time.
It is possible that certain participants were present during the 2 parts of our study and thus could have achieved better results in the second test. On the other hand, there was a 6-month period between the tests, and participants were asked not to discuss the study and were unaware of correct answers. A retention bias was thus improbable. Better overall results in the second group were probably due to the possibility that they did not answer if in doubt about their answer. In a live clinical resuscitation, physicians would abstain from making a decision on intubation if they are not confident with their interpretation of the US images.
In conclusion, despite the limitations of our study, it appears that lung sliding identification is less accurate in the left hemithorax when using a short US examination. This difference is probably due to the underlying heart, the smaller size of the left lung, as well as lung pulse artifacts. With knowledge of these results when scanning times are short, lung sliding identification should be used more cautiously in the left hemithorax when aiming to diagnose pneumothorax or confirm endotracheal intubation. Further studies are warranted to confirm our findings in live clinical scenarios.
